The repeated administration of the hypolipidemic agent Su-13 437 (nafenopin) to neonatal rats roughly doubled the number of peroxisomes in the liver tissue and caused a sixfold volumetric expansion of the peroxisomal compartment. During the proliferative response, the size-distribution of the peroxisomes was reversibly altered, enlarged particles appearing in numbers varying according to the dose given. By means of a new method for quantitative autoradiography, it was shown that (a) the concentration of silver grains over peroxisomes was comparable to that found over the endoplasmic reticulum; (b) the peak incorporation of [aH]arginine into the peroxisomes was delayed in comparison with that into the endoplasmic reticulum; (c) the label, once incorporated into the expanding peroxisomal compartment, displayed the same shift to large particles as did the whole population. These results are compatible with the biosynthetic pathway for peroxisomal catalase proposed earlier (cf. reference 12), and with the notion that the druginduced size-shift might have resulted from progressive growth of a particular class of peroxisomes formed in the presence of the agent. Evidence is presented to show that during the recovery period the larger peroxisomes are removed preferentially.
In a series of reports, we have shown that two hypolipidemic drugs of the a-aryloxyisobutyric acid type, clofibrate (CPIB) 1 and CIBA Su-13 437, are endowed with the capacity to elicit the induced state and to expand the peroxisomal compartment of male rat liver parenchymal cells (24- 1Abbreviations used in this paper: CPIB, clofibrate, Atromid S; DAB, diaminobenzidine; ER, endoplasmic reticulum; PO, peroxisome(s) (microbody); RER, rough-surfaced endoplasmic reticulum, SER, smoothsurfaced endoplasmic reticulum; Su-13 437, CIBA Su-13 437 (nafenopin). 26, 69) . These observations were subsequently confirmed and extended by several research groups (reviewed in references 2, 30, 56, 70) . The biosynthesis and precise metabolic function(s) of peroxisomes (microbodies) in normal or in experimentally altered mammalian cells are still not fully understood (12, 13, 56, 70) , although in the past few years considerable progress has been achieved with regard to the biosynthesis of peroxisomal constituents (37, 38, 62) . In addition, interest in the biology of peroxisomes has been rekindled by a large number of morphological observations leading to the concept of the ubiquitous distribu-tion of these organelles among mammalian cells (31) .
Inasmuch as the peroxisomes constitute a minor organelle in the rat hepatocyte (44, 78) , the proliferating effect of compounds of the a-aryloxyisobutyric acid type on these structures might be utilized to investigate, in situ, some aspects of their biosynthesis in quantitative terms. In this report, the proliferative response of these organelles in the hepatocytes of immature rats treated repeatedly with Su-13 437 will be described in the light of a morphometric, autoradiographic, and dimensional analysis.
MATERIALS AND METHODS

Animals
Newborn albino rats (Wistar-derived) were used. The pregnant dams were fed standardized laboratory chow (Nafag no. 890) ad lib.
Treatment with Su-13 437
Six newborn rats of similar weight were taken from each litter and divided into two groups of three. Su-13 437 suspended in 2% carboxymethylcellulose (CMC) was administered by intubation to the rats of the experimental groups in daily doses of 100 mg/kg body weight. The first dose was given on the 5th day postpartum, and the treatment continued for five consecutive days. The animals thus received the last dose of Su-13 437 at the age of 9 days (cf. Fig. 1 ). The other three animals from the same litter were treated in the same manner with CMC and served as controls.
Experimental Time Schedule
As exemplified in Fig. 1 , the observation period was divided into two parts. During the first part (progression), five consecutive doses of Su-13 437 were administered to induce a high proliferation rate of peroxisomes (PO). The drug treatment was then discontinued. During a subsequent 8-day recovery period, the disposal of excess PO was studied. The labeled amino acid was injected simultaneously with the third dose of the drug, and this point was designated as "zero" time (cf. arrowhead on the abscissa of Fig. 10 ). For the selection of labeling intervals, some additional aspects of the biosynthesis of PO were considered. It has been shown that the specific activity of an important peroxisomal enzyme, catalase, reached a peak in the rough-surfaced endoplasmic reticulum (RER) 20-30 min after the injection of a radioactive amino acid (27) . The selection of 20 min after the administration of the isotope as the first determination time made allowance for this biochemical finding. By injection of a reusable radioactive amino acid, the half-life of hepatic PO has been estimated to be 3-4 days (55) . Therefore, we chose the 3rd day after administration as a further determination time; within the interval between the two selected times, further determinations were made at 6 h and 1.5 days. In addition, the tissue was analyzed 6 and 10 days after the injection of the label. As detailed in Fig. 1 , the first three intervals (20 min, 6 h, and 1.5 days) fall within the progression phase, and the last three (3, 6 , and 10 days) within the recovery period. At the end of the experiment (10 days), the animals were 17 days old. At the times stated, the rats were lightly anesthetized with ether and sacrificed by decapitation.
Injection of the Isotope
Generally labeled DL- [SH] arginine monochloride (Radiochemical Centre, Amersham, England; specific activity 1,200 mCi/mmol) was injected into the saphenous vein of three rats per determination time-point. Each rat received 2 mCi in 0.1 ml of distilled water. The site of injection was covered with a collodion film. Because drug-treated animals did not tolerate ether inhalation, they were anesthetized with a mixture of 95% CO2 and 5% O~ given through a mask.
Preparation of the Tissue
Although it has been claimed that formaldehyde is a more reliable fixative for autoradiographic purposes than osmium tetroxide (8, 52) , the latter was chosen to permit comparison with earlier morphometric data published by our and other laboratories. The liver tissue was fixed for 2 h in cold phosphate-buffered OsO4, dehydrated in acetone, and embedded in Araldite (Ciba-Geigy, Basel, Switzerland). The procedures adopted in preparing and staining thin sections are described below. It should be mentioned that the morphometric and the autoradiographic analyses were performed on the same animals.
Autoradiographic Procedures
The bubble method described by Caro (10) was used and in our hands afforded reasonable reproducibility of grain monolayers. Thin sections (silver to gold, corresponding to about 850/~ on the thickness scale of Salpeter and Bachmann (65) were prepared on a LKB-4800 ultrotome (equipped with a diamond knife), transferred to 200-mesh grids covered with a collodion-carbon film, and stained with aqueous uranyl acetate (10 min at 60~ The grids were then attached to Parafilm ribbons adhering to a glass slide and covered with Ilford L4 emulsion. Bubbling of the emulsion was performed with "Cyklon," an aquarium-type pump (J. Demuth, Wailisellen, Switzerland). The coated grids were packed into Clay Adams boxes (Clay Adams, Inc., Div. of Becton, Dickinson, Co., Parsippany, N.J.) in the presence of silica gel. Finally, the boxes were placed in exsiccators containing silica gel and stored at 4~ During exposure, the desiccating material was replaced every 3 wk. Each box contained (a) experimental grids that served for the quantitative analysis of autoradiographs; (b) grids used to determine the optimal exposure time; (c) grids covered with nonradioactive sections for the assessment of the background fog; (d) grids without sections for monitoring the time-course of the background fog development. The optimal exposure time was considered to be attained when the ratio of silver grains on grids covered with labeled sections (b) to silver grains on grids without sections (d) was maximal. This point was reached after 5 mo exposure.
The exposed preparations were developed for 5 min with Kodak D-19 developer at 20~ Finally, the autoradiographs were stained for 10 min with lead acetate (63) . At the end of the exposure time, the average background was 2 grains/1,000 /~m ~ (range: 1-5 grains/I,000 /zm 2) and could accordingly be disregarded.
Quantitative Evaluation of A utoradiographs
Only autoradiographs obtained from animals treated with Su-13 437 were analyzed. The quantitative procedure was based on the "95% probability" circle method of Whur et al. (79) . 2 A circle (resolution-boundary circle) 12.4 mm in diameter (corresponding to magnification level I of the morphometric procedure) was engraved on a transparent plexiglass disk about 7 cm in diameter (cf. inset of Fig. 9 ). On the perimeter of this circle, five equidistant points were marked. The autoradiographs were then analyzed as follows: The negatives (x 2,500) were transformed to positives by contact printing. These were projected onto a screen by means of a table projector unit (final magnification x27,500). The transparent disk was randomly superimposed on the projector image of the autoradiograph in such a way that the engraved resolution-boundary circle enclosed a silver grain. The probability that one or another of the underlying subcellular compartments (e.g., endoplasmic reticulum [ER], mitochondria, PO, etc.) might, through the spread of radiation, have contributed radiant energy to the developed silver grain was then estimated with the aid of the five marks engraved on the circumference of the probability circle. If, for example, two of the marks "hit" the RER compartment and the other three a PO, the chance that the RER and/or the peroxisomal profile might have been the source of radiation that generated this particular silver grain was estimated to be 2 in 5 or 3 in 5, as the case may be (cf. inset of Fig. 9 ). A subceUular compartment comprising the whole probability circle was therefore rated as 5/5. The calculations for estimating the label distribution will be given below. The autoradiographic analysis was based on about 24,000 silver grains. When the labeling was most dense (6 h), the average grain density of the autoradiographs was estimated to be 42/82 p.m 2 (cf. Fig. 8) , as compared to 8 grains in the case of lowest grain density (10 days).
Morphometry
OENERAL COMMENTS: The preparations subjected to morphometric analysis were identical to those used for autoradiographic assessments. The specimens were collected essentially according to Weibel et al. (78) . Three rats treated with Su-13 437 and three controis given CMC only were examined at each of the appointed times. Altogether, 36 rats were used.
PRIMARY SAMPLE: This consisted of about 20 tissue blocks (-1 mm a) collected from three different regions of the liver.
SECONDARY SAMPLE:
From the pool of tissue blocks, five were randomly selected per animal (i.e., a total of 30 blocks were examined on each occasion). Thin sections were cut from each block (average thickness -850 A). One section of good quality was chosen for the morphometric analysis. Accordingly, altogether 15 thin sections per group (three animals) were available for examination each time.
TERTIARY SAMPLE: From each thin section, six random electron micrographs were made on a Siemens Elmiskop la at two magnification levels: x 2,500 for level I and x 6,000 for level II. The total of 90 micrographs per group (three animals) and time interval were analyzed. The selected tissue areas were photographed on 35-mm film strips, which were contact-printed on film. These positive prints were examined by means of a At the magnification level I, point-counting (to determine the specific volume of different compartments) and profile-counting (to determine the specific number of mitochondria, peribiliary dense bodies, lipid droplets, and peroxisomes) were performed. The following cell compartments were considered: extrahepatocytic space, nucleus, mitochondria, peroxisomes (microbodies), peribiliar dense bodies (including cytolysomes or autophagic vacuoles), lipid droplets, RER (including intercisternal and pericisternal areas containing apparently "free" ribosomes or polyribosomes), and SER (including Golgi membranes and glycogen areas). It should be noted that the present en bloc definition of the RER was adapted for autoradiographic purposes and presupposes that this organelle is composed of an intracisternal lumen bounded by cisternal membranes with attached ribosomes and the intercisternal and pericisternal ground substance, in which generally no structures other than ribosomes are included.
L E V E L 11 : This higher magnification level allowed a more refined point-counting and included RER, SER, Golgi apparatus (comprising stacked lamellae and organelle-associated secretory vesicles containing very low density lipoprotein particles), compact areas of apparently "free" ribosomes or polyribosomes, and the cytoplasmic ground substance (comprising the interparticulate space not already assigned, according to the above definitions, to other compartments).
Although all the compartments listed above were considered in the morphometric analysis, only those conceivably related to the biosynthesis of PO will be dealt with in this report. The primary counts were processed according to criteria already discussed (78) by means of a morphometric computer program (19) . The results were related to a liver volume corresponding to 100 g of body weight of the animal and thus represent specific dimensions (cf. reference 78). Previous considerations regarding possible sources of error in the morphometric analysis of tissues (78) At magnification level I, the diameters of peroxisomal profiles were recorded on a Zeiss Particle Size Analyzer (Cad Zeiss, Oberkochen, Germany). The values obtained were then computed into peroxisomal diameters by applying the Wicksell transformation (4, 80) . From level II micrographs, the ratio of peroxisomal profiles containing a nucleoid (or core) to those lacking such a structure was estimated in thin sections of the livers of control and treated animals. For each group and each experimental time-point, 102-293 profiles were recorded. To obtain a numerical estimate of the portion of the whole population of peroxisomes made up by the so-called (anucleoid) microperoxisomes (cf. reference 49), we took into consideration a statistical relationship between the size of the nucleoid and that of the whole PO, i.e., that the chance of a nucleoid-containing PO revealing the presence of a nucleoid within a given profile is proportional to the ratio of the nucleoid diameter to the particle diameter. For example, a ratio of 0.43 would mean that in a population consisting exclusively of nucleoid-containing PO, -43% of the profiles would have revealed the presence of a nucleoid (cf. Table I ). This ratio was determined for 100 randomly selected PO each in sections prepared from livers of control and treated (1.5 days) rats.
Correlation between Autoradiographic and Morphometric Data
It has already been mentioned that the counting of developed silver grains, their assignment to the different subcellular compartments, and the morphometric recording were performed on the same micrographs. To begin with, the grain counts of the individual compartments were expressed per hepatocytic unit volume, i.e., number of grains on compartment/cm 3 of hepatocyte. This mode of expression, the radiation label density, indicates the relative labeling intensity of the different compartments, disregarding their actual contribution to the cell volume. A second characteristic, the specific radiation label density, was then calculated. It reflects the grain counts per unit volume of a given compartment, i.e., number of grains on compartment/cm 3 of compartment. The rationale of this procedure is as follows: to estimate the relative volume of the compartments (i.e., volume density Vv) a lattice of random points was spread over the sections, and the points failing on compartment i, P~, were recorded, yielding the volume density of i in the cell being Vw = PdPc, where Pc denotes the number of points falling on the hepatocytes. To estimate the probable distribution of the label radiation source, a second lattice of points was used; however, these were "grain-associated" rather than random, i.e., they were represented by the five points on the circumference of the 95% probability circle that was fitted around the grain (cf. Fig. 9 ). The number of these points falling onto a profile of compartment i, Gi, was also recorded. It can be postulated that this second point count is biased by any preferential location of the label in one or another of the compartments. The bias due to the relative label density in compartment i can be obtained, as an initial approximation, from the ratio GdPi, i.e., the ratio of grain-associated to random point hits on i.
To calculate the "true" label density in the cell or compartment volume, the section thickness T had to be considered. Likewise, the profile area of the cell, Ac, over which grains were counted, or of the profile compartment i, A~, had to be expressed in absolute terms; because we used a square point lattice of point spacing d, these areas were obtained by Ac = Pe'd 2 and A~ = P~ .d 2, respectively. The radiation label density in the cell was hence
where the coefficient 5 is related to the fact that five points were counted for each grain. The specific label density in compartment i is accordingly
Hence, it is readily apparent that the formula for the specific label density corresponds to Rv( + = Rv~'/Vw', the ratio of radiation label density to volume density for compartment i in the hepatocytes.
MiIlipore Filtration
Small aliquots (-0.3 ml) of the resuspended (0.25 M sucrose) mitochondria-rich MLP fraction were fixed for 30 mid at 4~ in a 4% formaldehyde-l.25% glutaraldehyde mixture and filtered through MiUipore filters (pore size: 0.1 /~m) according to the procedure outlined by Baudhuin et al. (6) . The pellicles obtained were washed with cacodylate buffer (-2 ml) and their surfaces stabilized by the addition of a few drops of liquid agar. The filters with adhering pellicles were removed from the filtration unit and processed by means of the diaminobenzidine (Fluka, Buchs, Switzerland) reaction (7) to demonstrate peroxidase activity; control preparations were incubated in a medium lacking hydrogen peroxidase, or containing 0.01 M 3-amino-1,2,4-triazole (Fluka, Buchs, Switzerland).
Biochemistry
AN IM A LS: Biochemical estimations were performed in five to six animals per experimental or control group. The treatment schedule already described was carefully duplicated, except that no analysis was made 20 miD after the third dose of Su-13 437.
TISSUE FRACTIONATION:
The weighed livers were homogenized in 0.25 M sucrose with the aid of a glass-teflon homogenizer to obtain a 5% homogenate. The homogenate was centrifuged at 8,500 g for 30 miD (MSE Mistral 6 L), and the resultant pellet was carefully rehomogenized in 0.25 M sucrose. Debris and nuclei were separated by centrifugation (600 x g for 20 miD), and the supernate was spun at 8,500 g for 30 miD. The resultant pellet was washed once under identical conditions. This fraction was composed of elements of the ER, mitochondria, lysosomes, and peroxisomes, and is accordingly designated the MLP fraction. The 8,500 g supernate was centrifuged at 105,000 g for 60 miD (Spinco L2-65B, rotor 60 Ti), yielding a microsomal pellet and a supernate (fraction S) containing the soluble components of the cytoplasm.
ENZYME ASSAYS:
The activity of catalase was estimated in the MLP ("particulate" activity) and the S ("free" activity) fraction, 15 miD after the addition of 1% (vol/vol) Triton X-100 (5). The enzyme assay followed a procedure described by Creasey (11) . The activity of the peroxisomal core enzyme urate oxidase was determined according to de Duve et al. (14) .
The protein content of the fractions was estimated by the procedure of Lowry et al. (45) .
RESULTS
Proliferative Response of Peroxisomes
DIMENSIONAL ASPECTS:
In control animals the specific volume of PO remained relatively constant throughout the duration of the experiment at a level comparable to that determined in adult rats (Fig. 1 ). The same holds good for other peroxisomal parameters such as the mean volume ( Fig. 2) , the specific number (Fig. 3) , the frequency of nucleoid-containing profiles (Fig. 4) , and the size distribution (Figs. 5 and 6). Tsukada et al. (74) have reported that during a comparable postnatal interval several peroxisomal characteristics did not change; however, in contrast to our findings, they observed a reduction of the particle size.
The distribution of true diameters of PO, as determined by the Wicksell transformation of measured particle diameters (4, 80) , is shown by the stippled histograms in Fig. 5 . It can be seen that the diameters are distributed around the median values which are clustered within a fairly narrow interval, i.e., between 0.39 and 0.43 /xm. Although these diameter distributions were based on comparably large numbers of particles (-1,000 per experimental time-point), their contours were rather "notched." In fact, statistical comparison by means of the X z test of the individual distributions in the three animals examined per time interval showed that the PO of these three animals could not be regarded as belonging to the same sample. The reason for this finding could be either that the number of measured particles per animal was too small to fill all the size classes evenly, or that the population representing the control animals was itself composed of different particle types, which entered the analysis with a variable probability. In fact, recent reports have furnished evidence that rat hepatocytes (and other cell types) may contain at least two different kinds of PO: the so-called microperoxisomes (diameter -0.20 p.m) and the commonly described mature variety (49) . In addition to microperoxisomes, peroxisome-like "Q" particles (diameter -0.25 /xm) have recently been reported to occur in rat hepatocytes (77) . Although the morphogenetic and biogenetic relationships between these two sets of structures remain to be elucidated, both kinds apparently lack a matrical core. In the context of the present experiments, it is important to have a notion of the numerical contribution of the microperoxisomes to the whole peroxisomal population. These particles merit particular interest because it may be assumed that in rat liver they could represent the progenitors of the mature core-con- 
Specific volume of peroxisomes. Treatment of the animals with Su-13 437 started on the 5th postnatal day (denoted by -2 on the abscissa). The rats received five consecutive doses of the drug (arrows), the last being given on the 9th day postpartum (day 2). The radioactive precursor was administered together with the third dose of the drug on the 7th postnatal day which was designated time zero (cf. Fig. 10 ). Accordingly, the whole experiment was divided into two periods. During the first interval (which included the sampling times: 20 min, 6 h, and 1.5 days), the animal received the drug until day 2 (progression). Medication was then stopped, and the animals were observed during a period of 8 days (recovery); this second period included the times: 3, 6, and 10 days. The duration of the experiment thus covered a postnatal period extending from 7 (day 0) to 17 days (day 10). The level of significance of treated animals, as compared with controls, was P < 0.001 throughout. Standard errors are indicated. The value for the untreated adult rat was taken from reference 78.
taining PO (50) and thus play a decisive role in the proliferative response of PO to treatment with Su-13 437. According to the statistical considerations outlined in Materials and Methods, the ratio of nucleoid to particle diameter was determined for 100 PO from control sections and found to be 0.57. Therefore, it could be expected that if the counting of nucleoid-containing PO had been performed on a particle sample composed exclusively of nucleoid-containing PO, -57% of the profiles would have been rated as anucleoid (Table I) . As can be seen in Fig. 4 , the proportion of anucleoid peroxisomal profiles in control animals was found to vary (insignificantly) between 61 and 76% (mean: 70%) of the total particle population (Table I) . Upon comparison of the results (Table  I) obtained from the determination of the nucleoid-to-particle size ratio (57 % of an ucleoid particles) and the counting of core-less PO profiles (70%), it would appear that our counts of anucleoid profiles included only -13% of truly (anucleoid) microperoxisomes and/or "Q" particles. Similar determinations performed on PO from treated (1.5 days) animals revealed that in spite of the expansion of the PO compartment, the proportion of microperoxisomes remained virtually unchanged (Table I) . From these observations, it is concluded that the so-called microperoxisomes make up a minor fraction of the total PO volume; this part of the PO population is not altered to any significant extent during drug-induced PO proliferation, thus most probably excluding a precursorproduct relationship between microperoxisomes and mature PO. As represented in Fig. 4 , the proportion of anucleoid PO profiles increases considerably during drug treatment. By determining
Mean volume of peroxisomes. The values are derived from a Wicksell transformation of profile diameters measured by means of a particle size analyzer. Note that this parameter attained its peak value earlier (i.e., on day 1.5) than its specific volume (cf. Fig. I ). 
0.4,
FmURE 3 Specific number of peroxisomes. In control animals the value of day 10 is significantly lower (P < 0.01) as compared with 20 min. The level of significance of treated rats, as compared with controls, was P < 0.001 throughout. For treated rats, the values attained on days 3 and 6 were significantly higher (P < 0.001) in comparison with 1.5 days. Similarly, the value of day 10 was significantly lower (P < 0.001) than that determined at the beginning of the experiment (20 min). Standard errors are indicated. The value for the untreated adult animal was taken from reference 78.
the apparent diameter of the nucleoids in 100 randomly selected PO profiles in each of the control and treated groups, it was shown that the mean apparent diameter of the nucleoid (-0.18 /tm) was not significantly changed as a result of the administration of the drug. Therefore, the increase in the frequency of anucleoid particles (Fig. 4) was not due to a reduction in the size of the core material attributable to the influence of Su-13 437. Consequently, the ratio of the nucleoid diameter to the particle diameter suffered a roughly twofold decrease (from 0.43 to 0.27) in the presence of the drug. Treatment of 5-day-old rats with Su-13 437 caused a marked expansion of the peroxisomal compartment. There was a dose-related increase in the specific volume of PO in the hepatocytic cytoplasm, which reached its maximum on the 3rd day, i.e., one day after the administration of the last dose (Fig. 1) . Similarly, the mean volume of PO was increased, with a peak on day 1.5 ( Fig. 2) . The number of PO was also augmented and reached a plateau between day 3 and day 6 (Fig.  3) . The distribution of PO diameters as obtained from the Wicksell transformation clearly showed that the administration of Su-13 437 to neonatal rats caused an increase in the particle diameters, resulting in a considerable shift in the distribution toward higher values (Fig. 5 ). After treatment with four doses, the mean particle diameter increased from -0.4 to -0.6 /Lm. Consequently, the average PO of treated animals was enlarged by a factor of -3.5 ( Fig. 2) . From the distribution of diameters represented in Fig. 5 , it can be seen that during the drug-induced expansion of the peroxisomal compartment, e.g., at 6 h and 1.5 days, fewer of the smaller particles falling within the distribution characteristic of the control animals were present in the treated rats. This numerical deficit in particle sizes belonging to the control distribution is clearly evident if an attempt is made to evaluate it graphically. In Fig. 6 , the druginduced distribution of peroxisomal profile diameters is represented. If it is assumed that this distribution is a composite one comprising particles of control and drug-induced sizes, the proportion of the latter can be estimated by subtracting, in each diameter class, the control value from the counts obtained from treated animals. The resultant histograms (Fig. 6 ) might thus reflect the size variations of PO due to the drug treatment. From Fig.  6 , the following conclusions may be drawn: the FIGURE 6 A graphic attempt to demonstrate the possibility that a new category of peroxisomes would emerge during drug treatment. For each class of profile diameters, the control value was subtracted from the corresponding value for drug-treated animals ( ). The resultant distribution (--) is indicative of the appearance of a drug-induced particle population of a larger size range (shaded areas). The negative values obtained at 6 h and 1.5 days could be interpreted in terms of a relative deficiency of smaller peroxisomes in the size range present in normal hepatocytes, During the recovery period, e.g., on days 3 and 6, the number of larger organelles was gradually reduced (cf. Fig. 5 ) with a concomitant resurgence of the population of smaller particles. The data refer to equal areas of liver tissue. proliferative response of PO to the drug is coupled with a relative impoverishment of particles belonging to the control size distribution. This deficit was greatest after 1.5 days, when the mean particle volume had attained its peak value (Fig. 2) . Upon withdrawal of Su-13 437, the size range of control particles was progressively refilled.
It is noteworthy that under the stimulation of Su-13 437, the different peroxisomal parameters all reflected the expansion of the PO compartment. However, in comparing the times of occurrence of their respective peak values, some differences were observed. For example, the specific volume of PO was at its maximum on the 3rd day, i.e., 1 day after drug therapy was discontinued (Fig. 1) . The highest value of the mean particle volume, however, was reached about 1.5 days earlier (Fig. 2) . From this, it might be concluded that the increment in specific volume observed between days 1.5 and 3 ( Fig. 1) does not result from a further increase in the particle volume, but may be mainly caused by the reappearance of smaller particles which apparently belong to the size range of the control animals (Fig. 6) . In this context, it should be noted that the specific number of PO reached its maximum on day 16 (Fig.  3) , most probably through the joint contribution of remaining larger PO and newly recruited smaller ones (Figs. 5 and 6 ). These relationships are represented in Fig. 7 .
Figs.
8 and 9 represent the general aspect of the autoradiographs used for the present analysis at two different magnification and labeling levels. Fig. 8 depicts the situation encountered when the density of developed silver grains were greatest (42 grains/ 82 /zm2), i.e., 6 h after administration of [3H]arginine. In the course of the experiment, the extent of labeling was reduced as a result of pro- Throughout the experiment the ER was the most extensively labeled compartment of the liver parenchymal cell (Table II) . In general, the grain density was higher over the RER than over the SER (Table II and Fig. 10) ; this difference was more pronounced during the early postlabeling stages (Fig. 10) . Examination of the specific label density, however, revealed no essential difference in the total grain content between the RER and SER (Fig. 11) . It is thus concluded that the silvergrain concentration over the RER and SER was comparable.
As can be seen from Figs. 10 and 11, the timecourse of radiation label density (Fig. 10) and specific label density (Fig. 11) of the ER membranes did not follow a more or less exponential curve, as would have been expected if the isotope initially present had been "chased" from the ER by incoming nonradioactive molecules, as a consequence of membrane replacement. Instead, a plateau occurred between days 1.5 and 3. The significance of this observation is not clearly understood, but it should be remembered that the drug treatment was discontinued between these two timepoints (cf. Fig. 1 ). In addition, we have observed that Su-13 437 behaves like a liver-inducing agent, a Therefore, in common with some of these agents, such as phenobarbital, it may have the capacity to influence protein metabolism (cf. references 15, 18, 28, 33, 36, and 64). It is thus conceivable that, upon withdrawal of the drug, important metabolic changes might have intervened which could in turn have entailed shifts in metabolic pool sizes. Such alterations might also have markedly influenced the metabolic fate of the reusable isotope. Furthermore, the disposal of PO containing radioactive proteins which occurred during the recovery period may perhaps have contributed a sizable amount of labeled lowmolecular products to the metabolic pools.
Although the Golgi apparatus collected a rather limited amount of silver grains (Table II and Fig.  12 ), its specific label density at 6 h was among the highest observed in all compartments analyzed (Fig. 13) .
As previously shown, the dense-body compartment which was defined as including autophagic vacuoles (or cytolysosomes) accounts for a minor volume fraction (0.0106-0.0322 ml/100 g body weight) in the livers of both control and treated animals; in addition, this parameter was not significantly changed as a consequence of drug treatment. 4 Accordingly, the radiation label density exhibited by these organelles was small throughout the duration of the experiment (Table II, Fig.  12 ). Different results were obtained by plotting the specific label density (Fig. 13) . In this case, at the earliest postlabeling time (20 rain), the values were in the same range as those of the ER (Fig.  11) . At 6 h, however, a peak was observed which was the highest observed in all compartments studied, although it did not significantly differ from the corresponding value for PO. The values then declined sharply until day 3; from then on, the concentration of silver grains over the dense bodies diminished more slowly, possibly because labeled PO, as well as other cytoplasmic components destined for breakdown, had entered this compartment in the form of cytolysosomes.
3 W. Stiiubli, W. Schweizer, and J. Suter, unpublished results. It was found that oral administration of five doses of Su-13 437 (100 mg/kg) to 5-day-old rats caused a (reversible) doubling of the specific surface of hepatocytic SER membranes to ~30 m2/100 g body weight. Similarly, the specific activity of the microsomal aminopyrine N-demethylase was increased from 0.0077 /xg formaldehyde formed/mg protein/s (control) to 0.0107 /zg/mg protein/s (five doses of Su-13 437). 4 W. Stiiubli and J. Suter, unpublished observations. 
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FmURE 9 Autoradiograph representing parts of two adjacent hepatocytes 3 days after the injection of [aH]arginine. About 10% of the total silver grains could be attributed to the peroxisomes (arrows). Scale bar, 1 /zm. • 12,500. Inset: Positioning of the resolution-boundary circle (diameter: 12.4 mm) over a developed silver grain. By means of the five equidistant points, the contribution of the different cell compartments to a given silver grain was estimated as exemplified under Materials and Methods. Scale bar, 1 /zm. x 27,500. It was interesting to note that the radiation label density of PO was the only parameter studied in the present investigation which displayed a plateau between 6 h and 3 days; after the withdrawal of the drug, the radiation label density of the peroxisomal compartment declined (Table II; Fig. 12 ). 20 min after administration of the isotope, the specific radiation label density was of the same magnitude ( Fig. 13) as that of the ER (cf. Fig. 11 ). At 6 h, this parameter attained a peak in PO, in contrast to the ER; at 1.5 and 3 days, the specific label density of PO was still higher than at the beginning of the experiment; thereafter, i.e., during the recovery period, the label density per unit volume of PO gradually diminished (Fig. 13) .
TABLE II Distribution of Radiation Label Density in Cell (RV') between the Main Cellular Compartments of the Hepatocyte
To establish a relationship between the size of the PO and their label density, we determined the dimensions of labeled and unlabeled peroxisomal profiles by means of the particle size analyzer (Fig.  14) . It can be seen that the majority of labeled peroxisomal profiles were found in the larger diameter classes and, thus, followed closely the drug-dependent size increase of the particles. This observation suggests that the isotope, once incorporated into a PO of an expanding population, remained associated with the particle during its enlargement in the course of drug treatment. This finding is more explicitly described in Table III , which indicates the grain distribution over peroxisomal profiles of two different size classes. It is obvious that the ratio of labeled to unlabeled profiles is generally much lower in the small class than in the large class, suggesting a preferential incorporation of the isotope into the larger-sized organelles. With the continuation of treatment, i.e., between 6 h and 3 days, the ratio of labeled to unlabeled small profiles progressively diminished. In contrast, the extent of labeling of the larger particles remained constant, and only declined when the drug was withdrawn. Closer inspection of Fig. 14 reveals that the smallest labeled peroxisomal profiles were somewhat larger than the smallest unlabeled profiles. As the experiment proceeded, the size of the smallest labeled particle
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THE JOURNAL OF CELL BXOLOGY 9 VOLUME 74, 1977 profile gradually shifted to higher diameter classes (cf. arrowheads on the abscissa of Fig. 14) , indicating that the isotope distribution reflected the drug-induced size changes occurring within the peroxisomal population.
Biochemical Findings
In untreated animals, the activity of some of the peroxisomal enzymes tended to increase moderately toward the end of the experiment (Tables IV  and V) , in accordance with the postnatal activity pattern established for rat liver (74) .
It was anticipated from the uniform staining behavior of the expanding peroxisomal population after peroxidase cytochemistry (results not shown) that the biochemically determined catalase activity of hepatic mitochondrial fractions isolated from drug-treated animals would be enhanced. In fact, as shown in Table IV , the specific activity of this enzyme in the MLP fractions obtained from rats that had received five doses of Su-13 437 was lower than that of the corresponding control fractions. In contrast, the soluble fraction of livers of treated animals displayed a considerable catalase activity, which reached a peak at the stage of greatest expansion of the peroxisomal compartment (Fig. 1) . During recovery from medication, this enzyme activity tended to return to control levels (Table IV) . The most obvious explanation for this drug-related shift in the subcellular distribution of catalase activity is that this enzyme was in part leached-out from the PO of treated animals. This interpretation was supported to some extent by observations made on Millipore-filtered MLP fractions (Fig. 15) . If such fractions were treated according to the DAB procedure in order to reveal peroxidase activity, most of the reactive particles showed an inhomogeneous distribution of the reaction product within their matrix. The appearance of variable proportions of the matrical space completely devoid of histochemical stain suggested that a loss of DAB-reactive material from most of cell-free PO had probably occurred during preparation of the cell fractions. Apparently, part of the leached-out peroxisomal catalase appeared in the soluble fraction; however, the sum of enzyme activities recovered in the MLP and soluble fractions of treated animals did not much exceed those of the control fractions (Table  IV) , as would have been expected from roughly a sixfold increase of peroxisomal specific volume (Fig. 1) . There are several possible explanations to account for this obvious discrepancy. (a) It has been shown in liver homogenate of CPIB-or nafenopin-treated rats that the increase in the activity or content of catalase was regularly less prominent than the proliferative response of the peroxisomal compartment (26, 57, 61) . (b) In treated animals, a relatively greater proportion of catalase might cosediment with microsomal structures (76) which were not analyzed in the present study. (c) Part of the "solubilized" peroxisomal catalase could have been adsorbed on microsomal membranes. Treatment of infant rats with five doses of Su-13 437 moderately depressed the specific activity of the core enzyme urate oxidase (Table V) .
Recovery Period
Upon cessation of drug treatment, all the POrelated parameters declined, thus demonstrating the reversibility of the proliferation process. This applied to the specific volume ( Fig. 1 ) and the mean volume (Fig. 2) as well as to the specific number (Fig. 3) . The contraction of the peroxisomal compartment during the recovery period proceeded gradually. As can be seen in Figs. 5 and 6, the number of drug-induced larger particles was continuously reduced. Concomitantly, the PO of smaller size classes, which were numerically reduced during drug treatment, were gradually refilled (Fig. 6) . As a result of these two processes, the overall size distributions of PO finally reapproached the control shape (Fig. 5) .
It follows from the foregoing considerations that the disposal of the excess PO formed in the presence of Su-13 437 is an important aspect of the recovery period. In general agreement with observations of Svoboda and Reddy (72), our evidence indicates that two different destruction mechanisms might be operative in the hepatocytes. The first process is considered to be of an autophagic nature, whereas the second can be described as consisting of a "dissolution" of individual PO within the cytoplasmic matrix, apparently without the involvement of segregating membranes (cf. reference 70).
The liver-inducing capacity of nafenopin has already been documented (cf. footnote 3). It could be argued that the disposal of the excess of SER membranes and PO during the regression phase would necessarily have called for an activation of the lysosomal system. As demonstrated earlier, neither the volume density nor the numerical density of these organelles was remarkably increased during the recovery period (cf. footnote * The limit between "small" and "large" peroxisomal profiles was arbitrarily set at a diameter of 0.3833 /zm. The small diameter class would comprise the bulk of particles whose diameters fall within the size distribution of control peroxisomes (cf. Fig. 5 ). 4). Similarly, the specific label density of dense bodies displayed no important changes during the restitution phase (Fig. 13) , indicating that this compartment did not receive a sizable portion of radioactive material from those structures, i.e., SER and PO, which, by virtue of their druginduced proliferation, would have suffered a particularly extensive breakdown.
DISCUSSION
General Considerations
In evaluating the results presented in this paper,
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FIGURE 15
The DAB procedure for peroxidase as applied to Millipore pellicles obtained from MLP fractions reveals that the great majority of peroxisomes contain only residual patches of electron-dense deposits (particles labeled PO 1 and PO 2) or possibly no reaction product at all (structure labeled PO 3, which admittedly could also represent a damaged mitochondrion). The arrow indicates one of the rare peroxisomal profiles completely filled with reaction product and thus resembling the organelles usually encountered in DAB-reacted tissue sections. Scale bar, 1 p.m.
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it is important to bear in mind the particular conditions under which the experiments were carried out. Because liver tissue of postnatal rats was used, it was to be expected that during the experimental period (7th to 17th day postpartum) the metabolism of liver parenchymal cells would be subject to a series of complex developmental alterations (21, 34, 43) , thus precluding the establishment of steady-state conditions in the tissue as a whole. Nevertheless, however marked the diversity in the developmental kinetics of some important morphological and biochemical parameters of the maturing hepatocyte may be, the specific volume and number of mitochondria (results not presented) and of peroxisomes ( Figs. 1 and 3 ) tended to be stable throughout the period of observation. It seems reasonable to assume that the administration of the hypolipidemic drug Su-13 437 (nafenopin) to newborn rats might profoundly influence the metabolic dynamics of the hepatocyte differentiation process. In this respect, it should be mentioned that this drug, in addition to being an excellent peroxisome-proliferating agent, also caused liver induction and an elevation of the specific volume and number of mitochondria (data not shown).
Autoradiographic Observations
If the time-course of the radiation label density (Fig. 10 ) and the specific label density (Fig. 11) of the different ER membranes is followed, it can be seen that these parameters were highest 20 min after the injection of the isotope, and declined from then on. In contrast to the labeling pattern displayed by the ER membranes, the grain concentration over the Golgi complex was lower 20 min after the administration of the isotope than after 6 h (Figs. 12 and 13) , indicating that at least part of the labeled material had shifted from the ER to the Golgi membranes during this time interval. This distribution of labeled material is entirely compatible with the well-established observation that many proteins synthesized by the hepatocyte for extracellular destinations display an ordered migration within sequentially arranged cytoplasmic membrane systems (17, 32, 48, 53) .
It was interesting to note that the dense bodies exhibited the highest specific label density of all compartments analyzed (Fig. 13) . The accumulation of silver grains over these particles is apparently not due to a drug-induced increase in lysosomal activity, because in hepatocytes of untreated animals the lysosomes also showed a high grain concentration (1) , in accordance with recent biochemical findings indicating a high turnover rate of lysosomal proteins (75) .
The majority of the autoradiographic parameters had reached a minimum 6 days after the injection of [3H]arginine, except in the Golgi apparatus. Between the 6th and 10th postlabeling day, the specific label density of this membrane system was considerably increased (Fig. 13) . In unpublished experiments, we have observed that the number of Golgi-associated secretion vacuoles containing lipoprotein particles was reversibly reduced during drug treatment. It is thus conceivable that the increase in the silver-grain concentration over Golgi elements on day 10 ( Fig. 13) reflects the restoration of their activity. It should be mentioned that the very low density lipoproteins of human and rabbit serum contain an arginine-rich apoprotein species (67, 68) which may preferentially carry the label found over Golgiassociated structures in the autoradiographs.
Proliferative Response of Peroxisomes
It is well established that the treatment of adult rodents with the lipid-lowering agents CPIB (ciofibrate), Su-13 437 (nafenopin), or Sail-42 348 results in a proliferative response of PO (20, 30, 39, 42, 47, 56, 70) . Recent evidence points to the possibility that this expansion of the peroxisomal compartment is causally linked to the hypolipidemic action of these agents (39, 58) . The present study demonstrates that the drug Su-13 437 also leads to an activation of the peroxisomal compartment of neonatal rats, manifested in a large (approximately sixfold) increase in the specific volume ( Fig. 1 ) and a moderate (approximately twofold) rise in the specific number (Fig. 3) . The expanding state of PO was also reflected by the autoradiographic data. For example, the radiation label density, as expressed in percent of total grain counts, increased in a roughly dose-dependent manner up to the 3rd day, whereas in the other compartments the same parameter remained stable or declined. On the 3rd postlabeling day, the PO occupied -6% of the hepatocytic cytoplasm and had assembled -10 % of the total silver grains (Table II) . These findings suggest that the proliferating PO incorporated a considerable amount of the isotope, in accordance with biochemical observations which indicate a high incorporation activity of expanding PO (42) .
As a consequence of the discrepancy between the numerical increase and the volumetric increase of expanding PO mentioned above, a part of them responded to the presence of the drug with a gradual enlargement (Figs. 2, 5, and 6 ), resulting in a relatively broad and flat size distribution of the whole particle population, which extended from -0.2 to -1.0/zm in diameter (Fig. 5) . It is noteworthy that the expanding particle population still included, though in a smaller relative number, PO of the size range encountered in control animals (Fig. 5 ). This observation suggests that the whole expanding PO population may be composed of at least two subpopulations. One of these is thought to consist of particles showing the control pattern of size distribution and the tendency to diminish in number during drug treatment. The other subpopulation would be constituted by PO responding to the drug stimulus with proliferation and enlargement. However, we did not succeed, by graphical means, in demonstrating unambiguously that the overall drug-induced size pattern of treated rats was the result of two overlapping distributions made up of "control" and "druginduced" particles, respectively. This failure was probably related to the fact that either our treatment schedule did not establish steady-state conditions under which a maximal separation of the subpopulation would possibly have occurred, or the particle counts were suboptimal. Nevertheless, when the particle population of control livers was subtracted from the experimental distribution, it became obvious that the latter was somewhat deficient in smaller PO (Fig. 6) , in spite of an increase in the total number of PO (Fig. 3) .
In fact, a large body of evidence lends support to our hypothesis that the PO formed under medication with aryloxyisobutyric acid derivatives display a particular behavior, and thus represent a class of peroxisomes unique in various respects. (a) There is an increased frequency of anucleoid PO profiles (Fig. 4) which apparently is not related to an augmentation of the so-called microperoxisomes (Table I) , but instead reflects an altered balance between nucleoids and matrical constituents in the enlarged PO (Figs. 2 and 5) . (b) The subceUular distribution of hepatic catalase activity indicated that part of this enzyme must have been lost from the peroxisome-rich mitochondrial fraction and displaced to the postmitochondrial supernate (Table IV) . This finding is in accordance with recently published work in which the various aspects of the distributional effects of Su-13 437 (42) and Sail-42 348 (47) on peroxisomal enzymes have been comprehensively discussed. A similar compartmental redistribution of catalase activity was also encountered in the livers of CPIBtreated rats and interpreted in terms of a preferential leaching-out of catalase from PO (25, 26, 35, 42, 47) , eventually leading to particles which, in a cell-free state, contain a reduced catalase complement (Fig. 15) . In fact, it has been reported that this enzyme is a most readily solubilized component of PO (22, 46) and may be used as a marker of the physical integrity of these organelles (22) . In addition, we have observed that hepatic PO isolated from livers of CPIB-treated rats tended to reach a lower density than those from untreated animals during centrifugation in Ficoll density gradients (25) ; in a recent study, it was shown that CPIB treatment caused the emergence of a less dense rat liver PO class (23) . Furthermore, it has been pointed out that during drug-induced expansion of PO, the numerical increase in peroxisomal particles largely exceeded the increase (approximately twofold) in liver catalase activity or concentration, suggesting the occurrence of relatively catalase-deficient PO (57, 61) . This interpretation is supported by observations indicating that during treatment with CPIB (40) of Su-13 437 (42) a part of hepatic PO stained less intensively with the DAB procedure than did PO of untreated animals. (c) A considerably altered enzyme pattern is exhibited by aryloxyisobutyric acid-induced PO (3, 20, 26, 39, 42, 47, 71) 
The labeling behavior of PO during their proliferative phase did not fit a Poisson distribution (Table VI) , indicating that only a certain part of the whole particle population had incorporated the isotope. In contrast, the grain distribution over mitochondria, in accordance with other findings (9), tended to satisfy the requirements of a Poisson distribution (Table VI) , as would have been expected for the labeling of a metabolically homogeneous population. (e) Drug-induced PO were observed to display distinctive morphologic characteristics, such as a more pronounced variation in size and shape (20, 41, 42, 57, 59, 73) , eccentrically located nucleoids (51) , an altered electron density of the matrix (41, 42) , or the occurrence of special matricai structures (29, 57) .
Biosynthesis of Peroxisomes
Shortly after the injection of a radioactive amino acid (20 min), the specific label density of PO was found to be in the region of that recorded for the ER membranes (Figs. 11 and 13 ). This finding might suggest that both compartments are equally well supplied with the isotope; but it does not, of course, prove the widely accepted notion that the PO represent locally differentiated zones of the ER (cf. references 7, 29, 47, 60) . As the grain concentration over the ER was declining, presumably as a result of a migrational efflux of proteins, the specific label density of PO reached its peak 6 h after isotope administration (Fig. 13) . Thus, between 20 min and 6 h the PO received additional amounts of radioactive material, most probably at the expense of the ER radioactivity. These observations suggest a different temporal labeling behavior of the ER and PO, compatible with the timing of catalase biosynthesis (38) . For several obvious reasons, autoradiographic analysis is not suited to substantiate and extend biochemical findings on the biosynthetic pathway of specific peroxisomal constituents at the subcellular level, i.e., to disclose the structural features of the cytosolic catalase intermediate(s) (38) .
Growth of Peroxisomes
Assuming our hypothesis that the drug-induced expansion of the peroxisomal compartment is mainly the result of the de novo formation and subsequent growth of a special class of particles is correct, the problem of peroxisomal growth has to be considered briefly. The available biochemical evidence suggests that the initially proposed "budding and growth" model (13) may no longer be regarded as a plausible interpretation of the biosynthetic pathway of PO in the liver cells of untreated rats (12) . Instead, it has been proposed that PO are not individualized organelles with a fixed life-span, but may continuously interchange material by means of interconnecting (ER) channels (12, 60) , or by fusional and/or fissional processes occurring at the level of the peroxisomal particles (40, 59) . Accordingly, the whole PO population of a hepatocyte might be considered to represent a single metabolic pool, in which peroxisomal material could flow unrestrictedly. The most plausible interpretation of the results presented here does not concur with such an assumption. It was observed that after the administration of the isotope, the specific label density of PO remained elevated as long as the drug was administered and then declined rapidly (Fig. 13 ). This conserved radioactivity was associated preferentially with the larger PO, the smaller ones being less extensively labeled (Table III and Fig. 14) . As the drug-induced expansion of PO progressed further, the frequency peak of labeled particles moved to larger size classes (Fig. 14) , which displayed a high level of labeling (Table III) . Similarly, the limit of the smallest labeled particles was displaced to larger diameter classes (Fig. 14) . These findings suggest that the proliferation of a class of larger PO is the outcome of a unique metabolic process initiated and maintained by agents endowed with a PO-stimulating capacity. The gradual and progressive nature of this druginduced shift in size and radioactivity is difficult to reconcile with the hypothesis that the whole PO population of the hepatocyte constitutes a homogeneous metabolic compartment. On the other hand, these observations are compatible with the expansion of a particular class of particles by growth.
In the context of this label shift to PO of a larger diameter, a methodological aspect of autoradiography should be considered. It has been shown that, through the spread of radiation, smaller radioactive sources occurring in autoradiographs might be at a disadvantage in comparison with larger ones (66) . However, the data given by Salpeter and McHenry (66) indicate that, in view of the small average dimensional changes associated with the peroxisome expansion, this sizedependent preferential labeling of larger particles could only have influenced our determinations slightly.
Disposal of Peroxisomes during the Recovery Period
At least three pathways have been proposed for the disposal of the excess of PO formed during treatment with aryloxyisobutyric derivatives (42, 47, 72) . The first process is considered to be autophagic by nature, whereas the second one is described as consisting of a "dissolution" or "atrophy" of individual PO within the cytoplasmic matrix, without the involvement of sequestering membranes. A third breakdown mechanism has been tentatively described as proceeding by means of a retraction of PO contents within the SER compartment (47) ; it is conceivable that the two last-mentioned processes are morphologically interconnected. Using cytochemical procedures, we have studied, during the reconstitution period, the disappearance of the excess of PO formed in the presence of Su-13 437 (70). The results obtained could be interpreted in terms of the first two pathways mentioned. In addition, we have presented evidence suggesting the possibility that the "dissolution" of PO (42, 72) might be assisted by acid-phosphatase-positive elongated cisternae; these structures were seen to be appressed to or intercalated between PO displaying a matrix of reduced electron density (70). Although we have not quantitatively assessed the parts played by the different structures tentatively involved in the destruction of PO, silver grains lying over both sequestered and "dissolving" PO were rarely observed. Apparently, the intracellular removal of the excess PO proceeded gradually (Figs. 5 and 6); in keeping with this observation, the specific number and volume of dense bodies, including autophagic vacuoles, were not dramatically changed during the recovery period (cf. footnote 4). This observation is at variance with the findings reported by Moody and Reddy (47) . These authors noted a significant increase of the iysosomal volume density in adult rat hepatocytes 4 days after withdrawal of Sail-42 348. Nevertheless, it seems possible that in the neonatal situation the recovering hepatocyte is capable of removing, within a few days, a large number of organelles without being compelled to build up an extensive destruction apparatus. Similar observations were made in rat liver cells after the discontinuation of CPIB treatment (72) , or during glucagon-induced autophagy (16) . The process leading to the destruction of PO must obviously entail a certain capacity to select PO of a larger size out of a PO population which, during the recovery period, comprises an increasing amount of smaller particles (Figs. 5 and 6). Thus, in the case of Su-13 437-treated neonatal rats, the breakdown of the drug-induced excess of PO seems not to be a strictly random process such as has been suggested to occur in normal adult liver to explain the exponential decay kinetics of labeled peroxisomal proteins (12, see also reference 54).
